Penicillium janczewskii K. M. Zalessky was isolated as an endophytic fungus from the phloem of the Chilean gymnosperm Prumnopitys andina. When grown in liquid yeast extractmalt extract-glucose broth, the fungus produced two main secondary metabolites. The compounds were for the first time isolated from this species and identified by spectroscopic methods as pseurotin A and cycloaspeptide A. This is the first report on the production of cyclic peptides by endophytic fungi from Chilean gymnosperms. Pseurotin A and cycloaspeptide A presented low cytotoxicity towards human lung fibroblasts with IC 50 Ͼ 1000 μm. Pseurotin A showed a moderate effect against the phytopathogenic bacteria Erwinia carotovora and Pseudomonas syringae, with IC 50 values of 220 and 112 μg ml
Introduction
Little is known about the metabolites produced by endophytic fungi of Chilean native plants, including gymnosperms Schmeda-Hirschmann et al., 2005) .
Endophytic fungi are widespread in plants and represent a relevant component of plant communities (Gunatilaka, 2006; Owen and Hundley, 2004) . The relation of the plant and fungus can range from symbiosis to parasitism, depending on the host-invader balance (Kogel et al., 2006) . It has been shown that endophytes protect plants against pathogens and that host affinity is mediated by the leaf chemistry (Arnold et al., 2003) . Those fungi have been recognized as a valuable source of novel bioactive metabolites including taxol, cryptocin, cryptocandin, jesterone, oocydin, isopestacin, the pseudomycins and ambuic acid (Strobel, 2002; Li et al., 1996) as well as podophyllotoxin (Puri et al., 2006) and volatile organic compounds (Strobel, 2006) .
The metabolite production of endophytic fungi has been shown to be related with the genotypic diversity. In a comparative study of Cylindrocarpon destructans and Heliscus lugdunensis populations isolated from the roots of a single tree, 0939Ð5075/2008/0500Ð0383 $ 06.00 " 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://www.znaturforsch.com · D Seymour et al. (2004) found a good correlation between genotype classification and the natural product patterns of the crude extracts obtained from the microbial cultures. The role of arbuscular mycorrhizal fungi and agricultural practices has been recently revised by Gosling et al. (2006) .
Following our studies on bioactive products from endophytic fungi isolated from Chilean gymnosperms, we now report the secondary metabolites produced by Penicillium janczewskii obtained from the Podocarpaceae Prumnopitys andina (Poepp. ex Endl.) de Laub, known in Chile as "lleuque".
Materials and Methods

Isolation and culture
The fungus was isolated from wood pieces collected on the western Andean slopes near Las Trancas, Chillá n as described in a previous report . The microorganism was identified by Prof. Eduardo Piontelli, Universidad Cató lica de Valparaíso; it is kept at the microbial strain collection of Universidad de Talca. Penicillium janczewskii was cultured in yeast extract-malt extract-glucose broth (YMG broth, 4 g yeast extract, 10 g malt extract, 10 g glu-cose in 1 l water, pH 5.5) in Erlenmeyer flasks (14.4 l) at 25 ∞C under constant shaking (150 rpm). Once glucose in the medium was consumed (13 d), mycelium and culture broth were separated by filtration and extracted separately with EtOAc (3 ¥ 2 l). Some 640 mg of EtOAc-solubles were obtained from the culture filtrate and 2.15 g from the mycelium. The extract obtained from the culture medium was dissolved in MeOH and permeated in a Sephadex LH-20 column (length, 70 cm; internal diameter, 2 cm) with MeOH. Some 200 fractions of 4 ml each were collected and pooled together according to the TLC patterns. Fractions 56Ð59 (138 mg) were rechromatographed on silica gel with a petroleum ether (PE)/ethyl acetate (EtOAc)/EtOAc/acetone gradient. Some 190 fractions were collected and pooled together in 12 groups according to the TLC patterns. The pooled fractions 5 and 6 were purified by preparative TLC (silica gel, PE/EtOAc 3:7) affording 30 mg pseurotin A (1) and 10 mg cycloaspeptide A (2). The other fractions did not contained compounds of interest based on TLC analysis and NMR measurements and were not further investigated.
Compounds
Melting points were determined on a Koffler hot stage apparatus (Electrothermal 9100, Essex, UK) and are uncorrected. Optical rotations were 
. Ð The spectroscopic data agree with those reported by Bloch and Tamm (1981) and Breitenstein et al. (1981) . Ð 1 H and 13 C NMR: see Table I . (Favre et al., 2003) in 96-well microtiter plates. Stock solutions of pseurotin A in DMSO were diluted to give serial twofold dilutions that were added to each medium resulting in concentrations ranging from 1.92 up to 250 μg ml
Ð1
. The final fraction of DMSO in the assay did not exceed 2%. The plates were incubated for 7 d at 25 ∞C. Minimal inhibitory concentration (MIC) was defined as the lowest extract concentration showing no visible fungal growth after the incubation time. As references, the common fungicides iprodione [3-(3,5-dichlorophenyl)-
N-isopropyl-2,4-dioxoimidazolidine-1-carboxamide]
(Systane) and myclobutanil [α-butyl-α-(4-chlorophenyl)-1H-1,2,4-triazol-1-propanonitrile] (Rukon) were used.
The activity of pseurotin A against the phytopathogenic Gram-negative bacteria Erwinia carotovora (INIA) and Pseudomonas syringae (INIA) was assessed by the microdilution assay (Eloff, 1998) in 96-well microtiter plates. The bacterial inoculum was prepared to give approx. 10 4
Ð10
5 colony forming units (CFU) per well. Stock solutions of the compound in DMSO were diluted to give serial twofold dilutions that were added to each medium resulting in concentrations ranging from 1.92 up to 250 μg ml
Ð1
. The final fraction of DMSO in the assay did not exceed 2%. The plates were incubated overnight at 25 ∞C. To assess bacterial growth, the dye 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) was dissolved in water (0.5 mg ml Ð1 ), added to the microplate wells and incubated at 25 ∞C for 30 min. The absorbance was read in a universal microplate reader (Bio-Tek Instruments, INC, Winooski, Vermont, USA) at 515 nm. The results were transformed to percentage of controls and the IC 50 values were graphically obtained from the doseresponse curves. Penicillin G and streptomycin were used as standard antibacterials.
Cytotoxicity
The cytotoxic effect of the compounds, expressed as cell viability, was assessed on the permanent cell line derived from human lung fibroblasts (MRC-5) (ATCC Nr CCL-171). MRC-5 fibroblasts were grown as monolayers in minimum essential Eagle medium (MEM), with Earle's salts, 2 mm l-glutamine and 1.5 g l Ð1 sodium bicarbonate, supplemented with 10% heat-inactivated fetal bovine serum (FBS), 100 IU ml Ð1 penicillin and 100 μg ml Ð1 streptomycin in a humidified incubator with 5% CO 2 in air at 37 ∞C. Cells were seeded at a density of 2.5 · 10 3 cells per well in 96-well plates. Confluent cultures were treated with medium containing the compounds at concentrations ranging from 3.8 up to 1000 μm. The substance was firstly dissolved in DMSO and then in the medium supplemented with 2% FBS. The final content of DMSO in the test medium and controls was 1%. Cells were exposed for 24 h to the test medium with or without the compound (control). Each drug concentration was tested in quadruplicate, and repeated three times in separate experiments. At the end of the incubation, the neutral red uptake (NRU) assay was carried out as described by Rodríguez and Haun (1999) . To calculate the IC 50 values the results were transformed to percentage of controls, and the IC 50 values were graphically obtained from the dose-response curves.
Results and Discussion
From the YMG broth culture of Penicillium janczewskii K. M. Zalessky, isolated from the phloem of the Chilean native gymnosperm Prumnopitys andina, two compounds were isolated and identified as pseurotin A (1) and cycloaspeptide A (2) by spectroscopic means (Fig. 1) .
At a content of 50 μg disk Ð1 , pseurotin A was inactive against Enterobacter dissolvens, Micrococcus luteus and Penicillium notatum but showed a weak effect on Bacillus brevis, B. subtilis, Mucor miehei and Paecilomyces variotti with growth inhibition of 8, 8, 7 and 9 mm, respectively. The antifungic effect of compound 1 against Botrytis cinerea and Alternaria alternata was low (Table III) . In the antibacterial assay against the phytopathogenic bacteria Erwinia carotovora and Pseudomonas syringae, pseurotin A presented a moderate activity (Table III) , with IC 50 values of 220 and 112 μg ml
Ð1
, respectively. The effect of pseurotin A on P. syringae was close to the value observed for penicillin G, but much higher than that of streptomycin.
The cytotoxicity of pseurotin A (1) towards human lung fibroblasts was low, with an IC 50 value of 1000 μm while the IC 50 value of cycloaspeptide A (2) was Ͼ 1000 μm. Pseurotin A has been previously reported from Pseudeurotium ovalis (Bloch and Tamm 1981; Breitenstein et al., 1981) and Aspergillus fumigatus as well as from Pochonia chlamydosporia var. catenulata (Hellwig et al., 2003) . Cycloaspeptide A was first isolated from an Aspergillus species by Kobayashi et al. (1987) and was described from the psychrotolerant fungus Penicillium ribeum by Dalsgaard et al. (2004) . The close related metabolites psychrophilin A and cycloaspeptide D were also reported from Penicillium ribeum. Cycloaspeptide A was also obtained from P. algidum cultures and exhibited moderate activity against Plasmodium falciparum with an IC 50 value of 3.5 μg ml Ð1 (Dalsgaard et al., 2005) . Several natural products of different structure have been reported for P. janczewskii, including cis-fumagillin (Kwon et al., 2000) , quinolinone alkaloids (He et al., 2005) , peniprequinolone and gliovictin . A previous study on the secondary metabolites of endophytes obtained from Prumnopitys andina, including P. janczewskii grown on liquid potatodextrose medium was reported . The chemical diversity of the compounds produced by the same species either isolated from different natural sources or grown in different media indicates the high versatility of the fungus in producing natural products and shows the potential of new research work on endophytic microorganisms when looking for bioactive products. The potential of this approach when looking for bioactive fungal metabolites has been outlined by Gunatilaka (2006) in a recent review. A related cyclic peptide was produced by a fungal strain obtained from the seed of Avicennia marina. According to Madi and Katan (1998) , when the filtrate of a liquid culture of Penicillium janczewskii was infiltrated into cotton and melon leaves, it induced systemic resistance protecting the lower stem portion of both plant species against the phytopathogenic fungus Rhizoctonia solani, reducing the incidence of damping-off up to 100%. The results suggested that the culture filtrate of P. janczewskii triggers the signal transduction cascade and activates defense genes. A similar effect can be expected in other plant species. Additional studies including plant pathogens of the endophytes host should be performed to disclose the relation of this fungus with the gymnosperm Prumnopitys andina.
